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'Qeport No. 27t)

I.- I-ta s i' JSz3.M R>
M EDE A

STI..DIES ON THE AN'riPRoTEcOLY TIc.
ACTIVITY OF EOVINF BLOO)D

08 J &- CT

Tc- determmrn -Jh.ber Vic aiitip'otrolytic iactivivy of ho~'inr blloid
agains! t-rand plasrrin i-4 due to onec inl-ibitor o- to deiray

RESULTS AND GGC>CLUSIONS

Antiproteolytic Astays for 4b'vimc teruxn gave a~n averag i-~o
I1 I 12 for the rALI10 of Trypilin thlbiting o pin smin i-dIhbItirug act' !V
Ammnium sulfa.,e iractimation, teCtT0Phk rf-tZ and heit imactivktoon
were ernployt.I in an Atterript to seAr-oatirp iA dAnttpllaarrni

activity. Howe er, no mi~ificant C%1kogt fl7O~r. the above ~l1
Antiplasrnin rialio we -.r n, , rved with thr different inhibitor prepA ration

r re~ults obtined, t1t rrfofe, are in a&greenient w'ith the :%4itioi
that 'he .antitrypiic am, antii0%mic ^, ivity .-f !-ovwne bl(oo-d itt dkwi to -A

pir7' Inh'itor-

RECOiMMENDA_.J~hS

Further purs~f:catiou of the antipeotrolytic pr'eparation U i.t 1!14rt'

by cIecC opho-e'5if of creft41n blovi1 le rIA.rnm fi-act on$, 1~'ricae

Thcie s tudic should >e exteriled 1r, hurAn blood
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SBS T RAGC T

S'T DTFIS ON THE IINTIPROTEOLYTiC
A CTIVI TY ')F B C) V 8 , ! (002)

Jzterivine -~hefhrr the awitiprotrolytic activity CI bovine blP,':x
.4gainst :rvpsin anil pl-asmmins i,e 11c one tnhi ,itor or to SieParate p~ro -

RESULTS AND CONCLUSIONSI
Antiproteolyti - %&ayis for bovinr ':--run gave ;,in average valu i

1 ± 2 for the ratio of trypxsn iLihibiting to pl! inin irihditing activi~v.
rnm o -; sW~uate faott.,electrophoresis ard heat ,rvactivratir-

wer Cmpi~oyed in an attenmpt to separAte attitrypt2. i an r^iplas,-ic
actx. -ty. Howeve r, no signi~ficaint change# frorn the abo-ic aitrypsi.:
Antiplaarnin rat.io were abse r-zrd with the difere-'t .nhibitor preparativi
The rtrults obt~iittd, therefor-, are in agreemen~t th the ircto
that the anti.,'Yvpti : i-,d antfillas mic activity of bcw: e blood io dur ti.. a

snl.inhibitor.

R FCOMIMENDA FIONS

Fuirthr r puri .cxitian c,( the atIsp;tAr,: 'c prepsar ti,.r'i, oh:tA'.rrd
Sele.trophrrsi of c-c rLain hovine relasrna fractions, is ndctrl

Thesoe stridies should be' extended to human b'txx-.
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cm ON JR- AN1 VI"'RO tWO 1-N')'C

ACITIVITY, OF tfN LO

I NTrRO0DU1:CT ION-

It has Dee- ,waoga for sorr,- tame1 thA! 7nanyalian bloodl inhibits
trvpsini ind plas'acn. The p-oblern of sQecifitty )t this antIpoteolvtlc

a c.tavitv ir5, a~t presenT, s LI I not re so k-rd. Sevtel inve qtainto r a'i-
hae tst nted evidience for- the pret' race in human 1 . 4 diffevrnt

nabits ry Agents, which vary v ic iev r Meiic effect on trvpsin and on,

a) asna n.

brore se at wa 4Isaoncer.i-d'-t a as o.apnr ison uf the a otrvpti as
anc antapla!n-aas activities,; of various bo-inc plasm.- fraction-s 'asmng
cse3-t -s 'A %ubstrate. Tb - ralio of antttrypzic tO an1tiplA9nuC JCLtvitv

to r thr vaaaions, inhtbi tar ft actioni S eepaedws khzed AS an index of
whrtr-r or not all oi the antrootolytac. actavaty of beef bloodigat
t rynin iqyd pleksmin 1.4I to ortN nhihitora or to separate protealvti c

inhibitor.4. The datta obtained arc an aq rcement vwxth thr eAss.r-.ptaon
that the antiprotealytac tctivizj of uzref 61-. <ad a'n!s trypsii anid plasrirnn

es x rh-al t- sagi- ,: anhabitovma factor

A. Prepara.;an of Vt riouv Antiproteoiytic F rac%_'tnra :~-111vi

I; 4r proreid .r for obtaining inhibitor frac tons I and 11 a

s'rrnilA.r to that employed by nounis And has asaboc'Ate a (611 Andi by

P eanaskV AndIasosi()

-, Inhibitor V - atonI (xalated bovine bloodm WA i cotllcted

athe SlAUaghte rh-ue a1d CentrjfuLed At 40 "C -ro oner liter of ox.1Aate
(-isrL-nA, canard ' -S 0 t., -ana added 11)00 m! of 0. 14% salial~. After7
thoro.~qh 6r-- 04;g b RW gOof i-moamStaIt1ate .WAs siawl-g .1ided with
stairang and. tne wolurinn -was allowed to stand at 0-.)( C for atles

~ hous Aft a co: tna ta -n in the cold for 41 Tna-t CI)gth
xuricr T'At ana w*.a4 AAjc- tr 10H to 1. 8 war S thtrc td \t
star ing fe 1 ) to an at 40 ! . he soluition was rceatr if .Med at W C f-m

45 rain At I laiO - pth recataitAte -was dasta i-deal and the-laemitt
,mmeditelv dpm?'ed to p1i b to 7 wah' N 4 odan-h'r.cr U

i[%( imlI'of gol;ution.Z S1 01 gras of a1 rnlonairaa st1aat A L 1 -. - t

with constant strr iriq Afterr staradanr) a o an. 4 n -- ma- r r 'e

ator !nr soluation :,I -X-.-- ~ - -- '

0!'"~~ 
aM-



tb orecipitate di'jsolved in a minimum oi drs-t,:,ed aaed~tuivc

against distilled v~-atcr at 4' C. Af"tr dialysis, the pocoteincrctrm ~ :

kf th solution was adjusteri to !% by the addition ofdstredwe

42 ;-,: of arnrvroni~v sulfate vias added with stirring, at '-oomtmer-
ature, for ea,: h 100 nil of solution. After standing at room temne ra!'r(
overnrg~it, t-e soiution was :ent-i.'Lged. To the 4%ape rnatant, 7 grn of
ami ontum sulfate was addedi for each 100 ml of the original 116 proteir
solut.on. After standing for 4 to 6 hours at roomrn ternperiure, the
solution wis centrituge~i arid tne nbtained pr-ecipitate ditiselved in ,
:orininw.!- m otint o ~.l water. After dialysqis agpns't distilledA
water at 4-) C, the solutio. was lyophiliizc~i (inhibitor fraction 1).

2. lnhi"I'itor F raction 11. This preparation was Obtained by
ii.cterI ac -uAtier o-)hbto rcin I w'th ammioniumi sulfate.

in hrtor fraction I was dissolved in 0. (M saline at a protei c co
traliu of !I!. For eol100 ml of the qoitution is gn ofA amn~oniium

sI fxtr was add. I with %-trrrng a' room ternperatr-. Any Precipitate
formed 'was rerrvove,- bv cent riftigation, and !he supernatant After cooling

o o'; C ad wsted to pli 4. 0. Afier stirnrng for 1 0 mmn at 0' C- tbe so-
,Oon wvas centrifuged in the cold ando tk-t- uperntnt adjustrd to pH

0. Seven gn of animonjum iulfatr were added for each 100 ml' of the
-zitzal qolution And the nuiytu~rr i-tt standing at room temnpe rature for

4 lo h Iour4s Any resu~tini' precipitate was removed by -rntrifugAtion,
and 14 qin of AnI'MniuM ;ulfatr for rxich 100 ml of the minwAl solu tion

W25 adoe4 to the supernim:znt. The entire pro>cedure wAio rt----trd h'ree
>.1mes or enril no peitt wa* iorrnrd t%&-ept inith finail fra': ton

~7iit5t~ib-rtwee, o r.) o 8% iir )firn sulfate .i turatvi''. T'he ft~ta

08 SAS precipitate was dissolvef4 in distilled water, diaiyxed

AgAinSt distilled -WAt-r at 40 (- and t1'ophilized tirmnioitnr Iracrion lo.

Tr va rimi% --rte rmedialr fractiovns obtained byV frA4tionAticro

Of p1.40mA by- a nivcnrIn suiirate precipit-atoi. were folin:! to, exe rt none
or only 2!Igh! Aoezp rotec) tI c &activity per mng prote in when cornpa rrp to
tOr filihlbltor t atosIAnd I

13 E-cc-olh-r1  "'e: &rannr ofInhibitor Fraction 11.

A~ C4ortIn-JOuP paper elect ro:pho-reV. istriAs dr.so rihed
bY Seildefo And *r i'i (si. was ,mploved for KthrfrACto7-tior, ZI

inhibitor fractrm 11. he ~ ainwait lisoolvrt ir, MlchAe ii1

bafte r (pH LI )S ) A I pro3te in C oncrot Iat hoT of a bou t 6"..
solUtI01n wai fed OntO WA tzro an N- MM -,f- It' Qeo 4 iou r ' t a

4 fracti-o s oif d1-:4'fre ri-, iite

Ji ..... . .... _____ I-I10



C. Heat inkctivation Studies-

inhib) to r f r-cti on I or 11 it, canctrntr ations of).2' in Th an-NaC
btuffer -re heated a varving temrperitur _ _ and length of turne, as n -
dicated In Tabies .3 to 5, cooled rapidly -n ice water and tested ~b
quIently. For ar'iprcteolytic assays,' -~ ~ito wa iutdwt
Than -7NaC. bufter, t,) a co-_ontratio-.n (~ntfor the deterT--inatio:.n of
the antipr oteolvtic activity. L. ' t!' ie antiproteolytic acrivt of
the heated material Aaa co:.pa red w1.0' c4~ c an unheate!d contro"' sample.

D). Enzvme P r.e par I _C1

A stock .olution was orepa rrd which cont~inr4 to 4 ng
of c rvstai!une sal, fr~e trvpstn* In 100 nil of 0 00l25 N hydrochloric
a C 1I1.

r'wo hundrrtd grr of dried humnan plasmia fraction 111*0 were.
fjie!v gr,-nd And extracted with 4 liters of 0. 2 N sulfuric Arid for h.4lf

AT hour at room temiperature (9). About 10 gm. of Celite waMo -:dded to
the mixture wiiicl w,9 f~It&recl rapidly throtigh a Buchne r funnel, The
filtriate wa-i immryediately adlusted to pf -7 to 7,'; with 4 N aiorrn hv-

d r-)x~ke .i' arronium sulfate was added slowly with 4tirririg to 20%
si: irator, (t4 Km- of jail :o- each 10 rtil of solution) The solutio:..
wA* filtered .vitn th- aid. of C~iethrough 41 Buchner Lunnrl, an-d the
3arrIe Amount of arrrionium stflfite as oard in the first precipitation

WAS Adcled to The filtrAii! The mixturt was allowed to stand at 40 C'
for to 4 hc -* and the py cipitate, *nbtaired .*fte cnrfuai at

4o1 C, for Iho-., at 1 100 g, was dissolved in 300 n-0 of IM/ i5~ pho~tPhatc
hbiffer (pt" '. 2). To the ooiufioii were added 1000 units o-f xtrriAokinase***

for rat. h grn ot f-.action "I used as starting material, rhe mi'ture waL9
alloweto to an o to 10 in at _'S Z&OU4'C adlused to pH 3. 1 with'

N h-,'d ru-'cror -z acio -fr-d dIAlyVZer against '4.,1000 Ait ~-~rc id

40 (Uintil free f oulft.- ions. Th rid Plksl~tri ,ot~e Afte r

'{)btainrdi 'rofn- 1' orthin'gtoflnO ir;A j.u(on~r. 're>. d

New" jerqrv.
**OMttned through the cou.rtesv of tihe Ane ri, R~n~ai~Iled r.

and kmad', ipplied to .. a by !Ye jwittr r Laboratu r..<

O*#~pte~as~--ZreptodornAse VAriij-tr 4!js ""..eo

the gene rosi-, of ,tde rieL" braore

',. MA .7



IVophiliration, was mnade 'ip to a I % uIuto o N / 1 ~
acid. Sodium chloride was idded to a 2 oz.centranon of i3'r and li
mixture kep, at 40 C for ito 4 'ours, Any precipitate torrn- A wxai 'r
rniov,!d bv c-ntrifug~oinn a nd t!7c superriatant was brought to 20,1 snfloim
chloride c oncen tration. After standing for Z hoiirs at 4) C, the pre -

cipitate was removed by cei,,rifugation, dissolved in N/11000 hydrochloric
acid, dir''vzed ;Against N/ 1000 hydrochloric acid in the cold, i,-d then
Ivophilized, Th_- partialli p-f~ e piasrnin prtcoarat ion was quite
soluble in distilled wa-r. It was foun'd that the! proteolvtic 4Ctivitv of
this plasrmn prepa ration was apparenutly ot a similar ord.'r wi "he hluman
plasmin preparation*' o- F'ishman andl Kline (10), who employed a some -

what different prepa ration proctdure.

E, Casein iu1s'.ate

A 15- casein (1 1) 4-lution wag prepared by heatin~g I grn of

ca 5eC in10 lopH.4phsat -saline buffer inl a Water bath for
15 m ir n.Af~er fitration fn traces of insoluble niati' rial, the 3olon
w.4* Pttred ii -% refrigerator. A fresh solution was made eve rv eks

1). A s say P-rocedure

1. Antifibrinotytir Test

nf earlier rxperirnentt;, attempts wer- r-Ade to de -

terinine also the antifibrinoiytic Activity 4 inhibitor fractions fo-r
trvpwin and hurnan plasmin. It was observed, however, in %grrj--
merit with Sherry and h;.! i.ssociatows (1", 1 ). that the determina -
tion of fibrinolvtik: activity of AtreptokinajiC ACiivsted human, plan -

minogen. uLimng bovine fLbrirtogen and thremnbin, may give C roneoust,
resulto. This ia(-*- (4 relizoilitv of the !tot was fo-und, !n agree -

men!t~ Sr' and hia asrociates (I., I i), to be due ic po s!ibir
coritarninati- to- 'he bovi.-. fibrinog n and thrombin With plasmninoger
wlh~ch is converted to plasmin bv the streptokinase activAted hurn,
plan- .1r. As a is~ of thr.*c findlirgs, t V An'ifibrin01VtiC 45 SAy
was, at pre sent, di ec-nt-'urdi and the re sults cmr the antifibr .nOIN'TIL
activitv of va rious inhibitor fria.: hons thus far obtA tried have been
omitted frr'nu &Ciks peesentatior,

OY~indly supplied to i.s Iby -lr, "'Av,( I_ ne YA" Meic. I
New Haven, (/onneki. :it,

.4
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2. Antiproteolytic Test

A modification of the trelhods of Kunitz (14) and of Remmert
and Coheni (15) was employed for determining proteolytic and antiproteo-
lytic activitie-i using casein as -iubstrate.

3. ReaF-nts

TCA: A 5% solution ot trichioroacetic acid (MalIlinckrodt--
USP Grade) v'ab made in distilled Nw.!1tr.

THAM -NaCL Buffer: 12. 5 gmn of ris(hydroxymethyl)
miniomethane was dissolved in 500 ml of distilled water. After addition

(if 20 gm of sodium chloride and 85 ml of I N hydrochloric acid, the
final volume was brought to 2 liters with diatilled wat-r ai t.. pH ad -
juiited *o 7. 25. AMi inh-.b-tor pr,-paration -were disol-'ed in thia t-.jfer.

A . Determination of Antiproteolytic Activity, To I ml
of buffered inhibitor solution w.as added I mrl of standardized plasmin
or typsin solution*. Inhibitor anid enzyme -ere permitti to react fof
i 0 snin at 25 to 260 C; 2 mil of A% casein solution was ther, added arid the
iixt-Ire incubated for 30 min at 350 C ! 10, As blanks suitable controls

were set up. Fnx-frne activity was stopped -in the bla6nks immiediattly
after 'he addition Of the castin solution artd in the samples after 10 min
incubation at W1Y C ±. I' by the addition of 5 n -'f IM~ trichloroocetic

acid. The t~bswere allowed to stand at room -n'perature for 2 hoL-S

with occasional whaking, The precipitate was then rcmoved by filtration
throujti 5 & S iSA9 filter paper, 7he optical densitv of the TCA filtrates
-was read at 280 rnas ijainst appropriate blanks in ,t Beckmn DU Sp-,7t--
vnhotr-nete r, All anliprot-olytic activ'ity deterrninati-'ne vie re c ir rie:n

owst iv' duplhctte or tripti-ate.

b. D.ifinitim, oi Proteolytic and Antiproteolytic Activity.
T~rn tr'*poin or ten plasmri ;nits %-ere arlhitrari)v definerd as that degree
of pro0teclIv:ic Activity which would produc. an optical dersitv of 0. IO,,,
aftor inta~bat-on with casein for O min at 350 C1± !0. It wax w

that 68 Y kf the cyrstailine trypsin used cork espond to Wn otg olyt' c
trypoin anits. Cor rtpond ingly, one antitrypsin or one antiplztrnin

vlt whoo~ i j luticvu :oitainirsg appaoaAimntelv ~Q I of t ryp.*;i

or Z Mr plasrnin per rnt seere m;ost tutable for theite antip (~t7

stud ies.

CA



uniit would be equi to that arrount of the inhibitor preparation capahle
of inhibiting 1 unit of trypsin (6. 3 Y ) or of plasinin respectively. Re -
spective curvcs, obtained by plotting optical density against the enzyr
units, were used to calculate the antiproteolytic activity of an inhibitor
preparation for trvpfin and fo-r plasmin respectively (Fig. 1 And

izbest repr'xlucible an6 most reliable determinAtions were found to I
all in the sraight line pa.~t of !he curves.

In the assay, the difference between the number of pro-
teolytic units in the standaird en~zyme solution and in the enzyme so-
lutioni f:ontairiing '-he inhibitor is indicative of the number of enzyme
units~ inhibitc-1. Trhe antiprote')lytic activity of an inhibitor fraction halt
been expressed a-, an'ifrypsin and antiplas-vin units per mg of kre'Pa-
ration and formied the basis for the calcuiation of the ratio of antitrypsin
to antipi.~smin .ctivity

1I1. R ESUILTS ANDINTERPRETATION~

The average . Aue for ..h- antitrypsin/antiplasmin ratio for the
various preparations rtl-arted and several otYige not incliuded in this
presentation w*~s fotind to be I1 1 A 1. As can be seen fromn Table ;, the
ratio between Antitryptic and antipi-asniin activity was 1 1. 1 for beef
sex uin. ~-vt~ral inve~iligators (16, 17, 13? have already reported that
the inhibition af plasirin requires a higher concentration ot serum or
plasma thAn is necessary to inhibit trypaii of equal prot~olytic potency.

Should %ny separat-isr of the antitrypsin and antiplasmin activity,
present in beef Mlood, occur during the various stages of purifici~tiori
cr heat inactiAfion, one would expect at corresponding change in the
antitr fpsin intipli-, *rin ratio at. established for beef serum. Iniibitor
fractions 3 -nd 11, obtainen by ammronium stu'fate fractionatio-' of bovine
plA sma, gAve an anti tryps in.'antipia *min ratio of 9. 9 and 12. 8 res-
pectively, falling within the ranti.. of the antitrypsin/anplasmir~ ratio
established lor bovine s -rurn.

Tabie . presents the rrsults obtained by elect roah-orctic separatrnn.
Most of the antprotcolsvtic Activit-jr was obviously concentrattel in the
(--at -- ving car. P-oncnt. The an rvpfic activitv, found for fractions
D %nd E, would indi( a~e that I mg of these inhiitor prepAr-ations would
inactivAle about 0. ' mg of crYSLAlline trypauin. The data 3f 7,Ab*e 2 also
ilsotrate hal no significant cha:ngt in the antit rypnsin /An~i plapso-r iat-i
w;, found for a.iy of the fractions obtain ~d by e 4. -u, o.orc sI s

Tibles ; !hrough rs pregent the xk-euits, to' he~ti~-vto

perimnents with inhibtor frac tions J ar.d It. The data show thst0:



antitrypsin/'anti~alasi-in ratios for the various hieated pr -) rations helid
reasonably constant, exhibiting only mitinr variations --I) within the

range of exper'rnertal erro.-. It would appear. therefore, that the
thermal destruction of an-ttryptic and antiplasrnin activities- occurred
at the same rate. It seems that the more purif-,cd inhibitor fraction. 1
in somewha, more heat stable than inhibitor fraction I (Tables 4 itnd 5).

Ahulmar' (2) reporteu that heating of human serum at 600 r for 20
m'in decreased antitryptic activity to 10 of its original valuf w'hile
the atbility to inhibit plasmin remained practivally unchang~ed. An car-
be seer) from the data of Trbie 3. cc-vip-ratively little loss in antitryptic
acti~ity of inhibitor fractions I &nd 11 occu-i-td on heating At 600 C for
45 min. It is quite posetible that human. blood may contain a heat labile
specific antitrypsin inhiibitor which is. apparently, not present in bovinit
blood. Rs cend1y S .u*,man (19) described an anititryphin pr;-.-paration from
human plasma. which is comparatively heat stable. The possible identity
of this inhibitor with ihe antiproteolytic factor fromr bovine blood has .;till
to be celcidated.

lv. D1SCUS ION

The present findings are it: agreeme'.t with the o-istimption that
the antiproteoly-tic activity of bovine blt~ryd, measurd agai.?t ty psin
and plasmim. is diie to a single inhibitor. The results are in contrast
to the evidence (- r the presenck- in hulvan btood af different profeolytic
inhiAbitors, which differ in their specitfic effect on lrypsir' and Pla"Min

1, Z, 3, 4. 5). It is obvious from the present data thot iz was necessary
to use -4')proxirratrly 10 times at much inhibiter preparation t9 incti-
vate the same proteolytic plairnin activity as trypsin activity. It may.
therel'ort, be p-iosible to observe mainly antiiyptic and co--mpsrative&
little antipLasmin activity it the amounto of the inhibitor preparaticn
rmployed in the antiplaasmin assay ate not in th-v range of proper concen-
trarion, This ratio of antiplasmit to arititrypsin activity wouild have to
be taken into account, if Pre mesures 0..c antiplammin activity of An
inhibitor pro-parotior.

V. SUMMARY

Experiments to separate aitttypvin %nd .intiplasmin activity of
bovine blood by amnmooium sulfate fractionation, by electrophoresiq,
arid by heat irtact. 'Atior insdicate that the antlirroteoly-tic activitv of

bovine blood alain it trvpsin and plasn:rr: is due to a single inhibitorv

factor.



VI. RECOMMENDATIONS

Furlher purification of the antiproteo!vtic prepazrt )ns ained
by electrophoresis of certain bovine plasma fractions, :-z indicated.
Theie st ;dies should be ext-!nded to human blood.
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